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SPRAY DEVICE AND USE THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a U.S. National-Stage entry under 35 
U.S.C. 371 based on International Application No. PCT/ 
US2010/039818, filed Jun. 24, 2010, which was published 
under PCT Article 21(2) and which claims priority from U.S. 
Provisional Application Serial No. 61/220,346 (filed Jun. 25, 
2009), the disclosure of which is incorporated by reference 
herein for all purposes as if fully set forth. 

FIELD OF INVENTION 

The present invention is directed to a method for producing 
coating layer with a coating composition. This invention is 
specifically directed to a method and a spray device for pro 
ducing an atomized stream of a coating composition having 
multiple components. 

BACKGROUND OF INVENTION 

Coatings on automotives or other objects typically com 
prise polymer networks formed by multiple reactive compo 
nents of a coating composition. The coatings are typically 
applied onto a substrate such as automobile vehicle body or 
body parts using a spray device or other coating application 
techniques and then cured to form a coating layer having Such 
polymer networks. 

Currently, the multiple reactive components of the coating 
composition are typically mixed together to form a pot mix 
prior to spraying and placed in a cup-like reservoir or con 
tainer that is attached to a spraying device Such as a spray gun. 
Due to the reactive nature of the multiple reactive compo 
nents, the pot mix will start to react as soon as they are mixed 
together causing continued increase in Viscosity of the pot 
mix. Once the viscosity reaches a certain point, the pot mix 
becomes practically un-sprayable. The possibility that the 
spray gun itself may become clogged with crosslinked poly 
mer materials is also disadvantageous. The time it takes for 
the viscosity to increase to Such point where spraying 
becomes ineffective, generally a two-fold increase in Viscos 
ity, is referred to as “pot life'. 
One way to extend “pot life' is to add a greater amount of 

thinning solvent, also known as thinning agent, to the pot mix. 
However, thinning agent, Such as organic solvent, contributes 
to increased emissions of volatile organic compounds (VOC) 
and also increases curing time. 

Other attempts to extend “pot life' of a pot mix of a coating 
composition have focused on “chemical-based solutions. 
For example, it has been suggested to include modifications 
of one or more of the reactive components or certain additives 
that would retard polymerization reaction of the multiple 
components in the pot mix. The modifications or additives 
must be such that the rate of curing is not adversely affected 
after the coating is applied to the Surface of a Substrate. 

Another approach is to mix one or more key components, 
Such as a catalyst together with other components of the 
coating composition immediately prior to spraying. One 
example is described in U.S. Pat. No. 7,201,289 in that a 
catalyst Solution is stored in a separate dispenser and being 
dispensed and mined with a liquid coating formulation before 
the coating formulation is atomized. 

Yet another approach is to separately atomize two compo 
nents, such as a catalyst a resin, of a coating composition, and 
mix the two atomized components after spray. One Such 
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2 
example is described in U.S. Pat. No. 4,824.017. However, 
Such approach requires atomization of two components sepa 
rately by using separate pumps and injection means for each 
of the two components. 

STATEMENT OF INVENTION 

This invention is directed to a spray gun for spraying a 
coating composition comprising a first component and a sec 
ond component, said spray gun comprising: 

(A) a spray gun body (1) comprising a carrier inlet (12) for 
conveying a carrier, a first inlet (10) connected to a first 
connection path for conveying the first component, and 
a second inlet (8) connected to a second connection path 
for conveying the second component; 

(B) a tubular nozzle casing (55) having a longitudinal cas 
ing axis and a nozzle (13), said tubular nozzle casing 
being housed within said spray gun body; and 

(C) a spray needle (56) comprising a first spray channel 
having a longitudinal first channel axis and a first chan 
nel opening, and a second spray channel having a lon 
gitudinal second channel axis and a second channel 
opening, said spray needle being housed within said 
tubular nozzle casing and being configured to slide 
between a spray position and a closed position, said first 
channel opening and said second channel opening being 
positioned adjacent to each other at said noZZle; 
wherein: 

said longitudinal casing axis, said longitudinal first chan 
nel axis and said longitudinal second channel axis are 
substantially parallel to each other; and 

said first spray channel is configured to connect to said first 
connection path and said second spray channel is con 
figured to connect to said second connection path, when 
said spray needle is at said spray position, for conveying 
said first and said second component separately to said 
nozzle. 

This invention is also directed to a method for producing a 
layer of a coating composition comprising a first component 
and a second component on a substrate, said method com 
prising the steps of: 

i) providing a spray gun comprising: 
(A) a spray gun body (1) comprising a carrier inlet (12) 

for conveying a carrier, a first inlet (10) connected to 
a first connection path for conveying the first compo 
nent, and a second inlet (8) connected to a second 
connection path for conveying the second component; 

(B) a tubular nozzle casing (55) having a longitudinal 
casing axis and a nozzle (13), said tubular nozzle 
casing being housed within said spray gun body; and 

(C) a spray needle (56) comprising a first spray channel 
having longitudinal first channel axis and a first chan 
nel opening, and a second spray channel having a 
longitudinal second channel axis and a second chan 
nel opening, said spray needle being housed within 
said tubular nozzle casing and being configured to 
slide between a spray position and a closed position, 
said first channel opening and said second channel 
opening being positioned adjacent to each other at 
said nozzle; wherein: 

said longitudinal casing axis, said longitudinal first 
channel axis and said longitudinal second channel 
axis are Substantially parallel to each other, and 

said first spray channel is configured to connect to said 
first connection path and said second spray channel is 
configured to connect to said second connection path, 
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when said spray needle is at said spray position, for 
conveying said first and said second component sepa 
rately to said nozzle; 

ii) providing the first component of said coating composi 
tion to the first inlet and the second component of said 
coating composition to said second inlet; 

iii) producing atomized said first component anatomized 
said second component to form an atomized coating 
mixture by Supplying a pressurized carrier to said carrier 
outlet through said carrier inlet and sliding said spray 
needle to said spray position; and 

iv) applying said atomized coating mixture over said Sub 
strate forming said layer thereon. 

BRIEF DESCRIPTION OF DRAWING 

FIG. 1 shows a schematic presentation of an example of a 
spray gun of this invention. 

FIG. 2 shows another schematic presentation of an 
example of a spray gun of this invention. 

FIG. 3 shows an example of a nozzle-air cap assembly. 
FIG. 4 shows details of frontal views of examples of the 

spray nozzle. (A) and (B) Two spray channels are configured 
side-by-side. (C) Two spray channels are configured co-axi 
ally. 

FIG. 5 shows schematic presentations of side cross sec 
tional views of one example of the tubular nozzle casing and 
spray needle having spray channels. (A) Example of the spray 
needle at the closed position. (B) Example of the spray needle 
at the spray position. 

FIG. 6 shows Schematic presentations of side cross sec 
tional views of another example of the tubular nozzle casing 
and spray needle having spray channels. (A) Example of the 
spray needle at the closed position. (B) Example of the spray 
needle at the spray position. 

FIG. 7 shows schematic presentations of side cross sec 
tional views of yet another example of the tubular nozzle 
casing and spray needle having spray channels. (A) Example 
of the spray needle at the spray position. (B) Example of the 
spray needle at the closed position. 

FIG. 8 shows schematic presentations of side cross sec 
tional views of still another example of the tubular nozzle 
casing and spray needle having spray channels. (A) Example 
of the spray needle at the spray position. (B) Example of the 
spray needle at the closed position. 

DETAILED DESCRIPTION 

The features and advantages of the present invention will 
be more readily understood, by those of ordinary skill in the 
art, from reading the following detailed description. It is to be 
appreciated that certain features of the invention, which are, 
for clarity, described above and below in the context of sepa 
rate embodiments, may also be provided in combination in a 
single embodiment. Conversely, various features of the 
invention that are, for brevity, described in the context of a 
single embodiment, may also be provided separately or in any 
Sub-combination. In addition, references in the singular may 
also include the plural (for example, “a” and “an' may refer to 
one, or one or more) unless the context specifically states 
otherwise. 
The use of numerical values in the various ranges specified 

in this application, unless expressly indicated otherwise, are 
stated as approximations as though the minimum and maxi 
mum values within the stated ranges were both proceeded by 
the word “about.” In this manner, slight variations above and 
below the stated ranges can be used to achieve Substantially 
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4 
the same results as values within the ranges. Also, the disclo 
Sure of these ranges is intended as a continuous range includ 
ing every value between the minimum and maximum values. 
As used herein: 
“Two-pack coating composition', also known as 2K coat 

ing composition, means a thermoset coating composition 
comprising two components that are stored in separate con 
tainers, which are typically sealed for increasing the shelflife 
of the components of the coating composition. The compo 
nents are mixed just prior to use to form a pot mix, which has 
a limited pot life, typically from few minutes, such as 15 
minutes to 45 minutes, to few hours, such as 4 hours to 10 
hours. The pot mix is applied as a layer of desired thickness on 
a substrate surface, such as the body or body parts of a vehicle. 
After application, the layer dries and cures to form a coating 
on the Substrate surface having desired coating properties, 
Such as, desired gloss, mar-resistance, resistance to environ 
mental etching and resistance to degradation by Solvent. A 
typical two-pack coating composition can comprise a 
crosslinkable component and a crosslinking component. 

“One-Pack coating composition', also known as 1K coat 
ing composition, means a coating composition comprises 
multiple ingredients mixed in one single package. A one-pack 
coating composition can forme coating layer under certain 
conditions. One example of 1K coating composition can 
comprise a blocked crosslinking agent that can be activated 
under certain conditions. One example of the blocked 
crosslinking agent can be a blocked isocyanate. Another 
example of 1K coating composition can be a ultraviolet (UV) 
radiation curable coating composition. 
The term “radiation', 'irradiation' or “actinic radiation' 

means radiation that causes, in the presence of a photo initia 
tor, polymerization of monomers that have polymerizable 
ethylenically unsaturated double bonds, Such as acrylic or 
methacrylic double bonds. Sources of actinic radiation may 
be natural Sunlight or artificial radiation sources. Examples of 
actinic radiation include, but not limited to, UV radiation that 
has radiation wavelength in a range of from 100 nm to 800 
nm, UV-A radiation, which falls within the wavelength range 
of from 320 nanometers (nm) to 400 nm, radiation, which is 
radiation having a wavelength failing in the range of from 280 
nm to 320 nm UV-C radiation, which is radiation having a 
wavelength falling in the range of from 100 nm to 280 nm, 
and UV-V radiation, which is radiation having a wavelength 
falling in the range of from 400 nm to 800 nm. Other 
examples of radiation can include electron-beam, also known 
as e-beam. A coating curable by radiation, Such as UV, can be 
referred to as a radiation coating or a UV coating. A UV 
coating can be typically a 1K coating. A UV curable coating 
can typically have a UV curable component comprising 
monomers that have polymerizable ethylenically unsaturated 
double bonds, such as acrylic or methacrylic double bonds; 
and one or more photo initiators or radiation activators. Typi 
cally, a 1K coating composition, for example a UV mono 
cure coating composition, can be prepared to form a pot mix 
and stored in a sealed container. As long as said UV mono 
cure coating composition is not exposed to UV radiation, said 
UV mono-cure coating composition can have indefinite pot 
life. 
A coating that can be cured by one curing mechanism, Such 

as by chemical crosslinking alone or by UV radiation alone, 
can be referred to as a mono-cure coating. A coating that can 
be cured by both chemical and radiation, such as by both 
chemical crosslinking and UV radiation, is referred to as a 
dual-cure coating. 

In one example, a dual-cure coating composition contains 
a first component having both radiation curable groups. Such 
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as acrylic double bonds, and chemical crosslinkable groups, 
Such as hydroxyl groups, in one container. A second compo 
nent contains a corresponding crosslinking agent having 
crosslinking groups, such as isocyanate groups and is stored 
in a second container. Just prior to use, the first component 
and the second component are mixed to form a pot mix. U.S. 
Pat. No. 6,815,501, for example, discloses a dual-cure type 
UV curable coating composition comprising a radiation cur 
able component having polymerizable ethylenically unsatur 
ated double bonds and a crosslinkable component having 
hydroxyl functional groups that can be cured by a combina 
tion of UV radiation and crosslinking component having 
isocyanate crosslinking agents. The crosslinkable component 
of a dual-cure coating composition can have other crosslink 
able functional groups described herein. The crosslinking 
component of a dual-cure coating composition can have other 
crosslinking functional groups described herein. 
“Low VOC coating composition” means a coating compo 

sition that includes less than 0.6 kilograms per liter (5 pounds 
per gallon), preferably less than 0.53 kilograms (4.4 pounds 
per gallon) of Volatile organic component, such as certain 
organic solvents. The phrase “volatile organic component' is 
herein referred to as VOC. VOC level is determined under the 
procedure provided in ASTM D3960. 

"Crosslinkable component' includes a compound, oligo 
mer, polymer or copolymer having functional crosslinkable 
groups positioned in each molecule of the compound, oligo 
mer, the backbone of the polymer, pendant from the backbone 
of the polymer, terminally positioned on the backbone of the 
polymer, or a combination thereof. One of ordinary skill in 
the art would recognize that certain crosslinkable group com 
binations would be excluded from the crosslinkable compo 
nent of the present invention, since, if present, these combi 
nations would crosslink among themselves (self-crosslink), 
thereby destroying their ability to crosslink with the 
crosslinking groups in the crosslinking components defined 
below. 

Typical crosslinkable component can have on an average 2 
to 25, preferably 2 to 15, more preferably 2 to 5, even more 
preferably 0.2 to 3, crosslinkable groups selected from 
hydroxyl, acetoacetoxy, carboxyl, primary amine, secondary 
amine, epoxy, anhydride, imino, ketimine, aldimine, or a 
combination thereof. 
The crosslinkable component can have protected 

crosslinkable groups. The “protected crosslinkable groups 
are not immediately available for curing with crosslinking 
groups, but first must undergo a reaction to produce the 
crosslinkable groups. Examples of Suitable protected 
crosslinkable components having protected crosslinkable 
groups can include, for example, amide acetal, orthocarbon 
ate, orthoacetate, orthoformate, Spiroorthoester, orthosili 
cate, oxazolidine or combinations thereof. 
The protected crosslinkable groups generally are not 

crosslinkable without an additional chemical transformation. 
The chemical transformation for these groups can be a depro 
tection reaction Such as hydrolysis reaction that unprotects 
the group to form a crosslinkable group that can then be 
reacted with the crosslinking component to produce a 
crosslinked network. Each one of these protected groups, 
upon the deprotection reaction, forms at least one crosslink 
able group. For example, upon hydrolysis, an amide acetal 
can form an amide diol or one of two amino alcohols. As 
another example, the hydrolysis of an orthoacetate can form a 
hydroxyl group. 

The crosslinkable component can contain compounds, oli 
gomers and/or polymers that have crosslinkable functional 
groups that do not need to undergo a chemical reaction to 
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6 
produce the crosslinkable group. Such crosslinkable groups 
are known in the art and include, for example, hydroxyl, 
acetoacetoxy, thiol, carboxyl, primary amine, secondary 
amine, epoxy, anhydride, imino, ketimine, aldimine, silane, 
aspartate or a Suitable combination thereof. 

Suitable activators for deprotecting the protected 
crosslinkable component can include, for example, water, 
water and acid, organic acids or a combination thereof. In one 
embodiment, water or a combination of water and acid can be 
used as an activator to deprotect the crosslinkable component. 
For example, water or water with acid can be an activator for 
a coating described in PCT publication WO2005/092934, 
published on Oct. 6, 2005, wherein water activates hydroxyl 
groups by hydrolyzing orthoformate groups that block the 
hydroxyl groups from reacting with crosslinking functional 
groups. 

“Crosslinking component' is a component that includes a 
compound, oligomer, polymer or copolymer having 
crosslinking functional groups positioned in each molecule of 
the compound, oligomer, the backbone of the polymer, pen 
dant from the backbone of the polymer, terminally positioned 
on the backbone of the polymer, or a combination thereof, 
wherein these functional groups are capable of crosslinking 
with the crosslinkable functional groups on the crosslinkable 
component (during the curing step) to produce a coating in the 
form of crosslinked structures or networks. One of ordinary 
skill in the art would recognize that certain crosslinking 
group/crosslinkable group combinations would be excluded 
from the present invention, since they would fail to crosslink 
and produce the film forming crosslinked structures or net 
works. 

Typical crosslinking component can be selected from a 
compound, oligomer, polymer or copolymer having 
crosslinking functional groups selected from the group con 
sisting of isocyanate, amine, ketimine, melamine, epoxy, 
polyacid, anhydride, and a combination thereof. It would be 
clear to one of ordinary skill in the art that generally certain 
crosslinking groups from crosslinking components crosslink 
with certain crosslinkable groups from the crosslinkable 
components. Some of those paired combinations can include: 
(1) ketimine crosslinking groups generally crosslink with 
acetoacetoxy, epoxy, or anhydride crosslinkable groups; (2) 
isocyanate and melamine crosslinking groups generally 
crosslink with hydroxyl, primary and secondary amine, 
ketimine, or aldimine crosslinkable groups; (3) epoxy 
crosslinking groups generally crosslink with carboxyl, pri 
mary and secondary amine, ketimine, or anhydride crosslink 
able groups; (4) amine crosslinking groups generally 
crosslink with acetoacetoxy crosslinkable groups; (5) poly 
acid crosslinking groups generally crosslink with epoxy 
crosslinkable groups; and (6) anhydride crosslinking groups 
generally crosslink with epoxy and ketimine crosslinkable 
groups. 
A coating composition can further comprise a catalyst, an 

initiator, an activator, a curing agent, or a combination 
thereof. A coating composition can also comprise a radiation 
activator if the coating, composition is a radiation curable 
coating composition, such as a UV curable coating composi 
tion. 
A catalyst can initiate or promote the reaction between 

reactants, such as crosslinkable functional groups of a 
crosslinkable component and crosslinking functional groups 
of a crosslinking component of a coating composition. The 
amount of the catalyst depends upon the reactivity of func 
tional groups. Generally, in the range of from about 0.001 
percent to about 5 percent, preferably in the range of from 
0.01 percent to 2 percent, more preferably in the range of from 
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0.02 percent to 1 percent, all in weight percent based on the 
total weight of the crosslinkable component solids, of the 
catalyst can be utilized. A wide-variety of catalysts can be 
used. Such as, tin compounds, including organotin com 
pounds such as dibutyl tin dilaurate; or tertiary amines, such 
as, triethylenediamine. These catalysts can be used alone or in 
conjunction with carboxylic acids, Such as, acetic acid. One 
example of commercially available catalysts is dibutyl tin 
dilaurate as Fascat(R) series sold by Arkema, Bristol, Pa., 
under respective trademark. 
An activator can activate one or more components of a 

coating composition. For example, water can be an activator 
for a coating described in PCT publication WO2005/092934, 
published on Oct. 6, 2005, wherein water activates hydroxyl 
groups by hydrolyzing orthoformate groups that block the 
hydroxyl groups from reacting with crosslinking functional 
groups. 
An initiator can initiate one or more reactions. Examples 

can include photo initiators and/or sensitizers that cause pho 
topolymerization or curing of a radiation curable coating 
composition, such as a UV curable coating composition upon 
radiation, such as UV irradiation. Many photo initiators are 
known to those skilled in the art and can be suitable for this 
invention. Examples of photo initiators can include, but not 
limited to, benzophenone, benzion, benZionmethyl ether, 
benzion-n-butyl ether, benzion-iso-butyl ether, propiophe 
none, acetophenone, methyphenylgloxylate, 1-hydroxycy 
clohexyl phenyl ketone, 2,2-diethoxyacetophenone, eth 
ylphenylpyloxylate, diphenyl (2,4,6-trimethylbenzoyl)- 
phosphine oxide, phosphine oxide, phenyl bis(2.4.6- 
trimethylbenzoyl), phenanthraquinone, and a combination 
thereof. Other commercial photo initiator products, or a com 
bination thereof, such as DarocureR 1173, Darocure RMBF: 
Darocure R TPO or Irgacure R 184, Irgacure R 4265, Irga 
cure R 819, Irgacure(R) 2022 or Irgacure.R. 2100 from Ciba 
Co., can also be suitable. Darocure R and Irgacure R are reg 
istered trademarks of Ciba Specialty Chemicals Corporation, 
New York. 
A radiation activator can be activated by radiation and then 

initiate or catalyze subsequent one or more reactions. One 
example can be photolatent catalyst available from Ciba Spe 
cialty Chemicals. 
A curing agent can react with other components of a coat 

ing composition to cure the coating composition into a coat 
ing. For example, a crosslinking component, Such as isocy 
anate, can be a curing agent for a coating comprising a 
crosslinkable hydroxyl component. On the other hand, a 
crosslinkable component can be a curing agent for a 
crosslinking component. 

In conventional coating practice, components of a two 
pack coating composition are mixed immediately prior to 
spraying to form a pot mix which has a limited pot life, 
wherein said components can include a crosslinking compo 
nent, a crosslinkable component, necessary catalysts, and 
other components necessary as determined by those skilled in 
the art. In addition to the limited pot life, many catalysts can 
change its activity in the pot mix. For example, some catalysts 
can be sensitive to the trace amount of water in the pot mix 
since water can cause hydrolysis and hence inactivation of the 
catalyst. 

To extend pot life, one prior approach is to mix the catalyst 
with other components of the coating composition immedi 
ately prior to spraying. One example is described in afore 
mentioned U.S. Pat. No. 7,201,289 in that a catalyst solution 
is stored in a separate dispenser and being dispensed and 
mixed with a liquid coating formulation before the coating 
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8 
formulation is atomized. However, this approach requires 
mixing the catalyst and the liquid coating composition prior 
to atomization. 

Another example of prior approach is described in U.S. 
Pat. No. 4,824,017 in that a catalyst and a resin of a coating 
composition are separately atomized and mixed after atomi 
Zation. However, Such approach requires atomization of two 
components separately by using separate pumps and indi 
vidual injection means for each of the two components. This 
approach also requires intensive adjustment and monitoring 
of the individual atomization and injection to ensure constant 
mixing ratio of the two components. 

This invention is directed to a spray gun for spraying a 
coating composition comprising a first component and a sec 
ond component onto a Substrate. The spray gun can comprise: 

(A) a spray gun body (1) comprising a carrier inlet (12) for 
conveying a carrier, a first inlet (10) connected to a first 
connection path for conveying the first component, and 
a second inlet (8) connected to a second connection path 
for conveying the second component; 

(B) a tubular nozzle casing 55) having a longitudinal cas 
ing, axis and a nozzle (13), said tubular nozzle casing 
being housed within said spray gun body; and 

(C) a spray needle (56) comprising a first spray channel 
having a longitudinal first channel axis and a first chan 
nel opening, and a second spray channel having a lon 
gitudinal second channel axis and a second channel 
opening, said spray needle being housed within said 
tubular nozzle casing and being configured to slide 
between a spray position and a closed position, said first 
channel opening and said second channel opening being 
positioned adjacent to each other at said noZZle; 
wherein: 

said longitudinal casing axis, said longitudinal first chan 
nel axis and said longitudinal second channel axis are 
substantially parallel to each other; and 

said first spray channel is configured to connect to said first 
connection path and said second spray channel is con 
figured to connect to said second connection path, when 
said spray needle is at said spray position, for conveying 
said first and said second component separately to said 
nozzle. 

The spray gun body (1) can have additional multiple parts, 
controls, such as carrier coupling (12) for coupling to a source 
of a carrier, such as compressed air; a carrier regulator assem 
bly (25) for regulating and measuring flow rate and pressure 
of the carrier, a coating flow regulator (21) for regulating flow 
of the first component that is stored in a main reservoir (3), 
and other mechanisms necessary for proper operation of a 
spray gun known to those skilled in the art. Additional control 
for parts can include, such as a trigger (22) and a spray fan 
regulator (20) for regulating compressed carrier Such as com 
pressed air jetting out from a set of shaping air jets (24a) for 
forming desired spray shape, such as a fan-shape. Typically, 
multiple channels, connectors, connection paths and 
mechanical controls can be assembled within the spray gun 
body. The spray gun body can also provide further assembly 
or operation mechanisms for additional parts or controls. Such 
as an air cap (24). 
The first inlet (10) can be constructed or configured onto 

the spray gun body through means known to those skilled in 
the art. The first inlet is connected to the nozzle for conveying 
a first component of the coating composition to the nozzle. 
For a gravity fed spray gun, the main reservoir (3) is not 
pressurized and the first inlet can be typically positioned at the 
upper side of the spray gunbody so the first component can be 
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conveyed to the first inlet and further into the spray gun by 
gravity during normal spray operation, such as hand-held 
spraying. 
The tubular nozzle casing (55) can typically be a tubular 

structure having a longitudinal casing axis and a nozzle (13) 
at one end of said tubular nozzle casing. The nozzle is typi 
cally positioned at muzzle aspect of the spray gun for produc 
ing spray streamjetting away from the spraygun. The tubular 
noZZle casing can be affixed to said spray gun body. In one 
example, the tubular nozzle casing is casted inside of the 
spray gunbody. In another example, the tubular nozzle casing 
constructed as part of the spray gun body. 
When assembled together, the nozzle (13) and the air cap 

(24) forms a nozzle-air cap assembly (2). A frontal view is 
shown in FIG. 3. The first spray channel and the second spray 
channel can be configured side-by-side (FIGS. 4A and 4B) or 
co-axial (FIG. 4C) within the tubular nozzle casing. FIG. 4 
shows schematic presentations of Some of the examples 
wherein first channel and second openings 13a, 13b. 13a', 
13b', 13a" and 13b" are shown (FIGS. 4A, 4B and 4C). 
The spray needle (56) can comprise a first spray channel 

having a longitudinal first channel axis and a first channel 
opening, and a second spray channel having a longitudinal 
second channel axis and a second channel opening. The spray 
needle can be housed within the tubular nozzle casing and can 
be configured to slide between a spray position and a closed 
position. The spray needle can typically slide within the tubu 
lar nozzle casing along the longitudinal casing axis in the 
direction (50) as schematically shown in FIGS.5, 6 and 7. The 
first channel opening and the second channel opening can be 
positioned adjacent to each other at the nozzle opening. 
The spray needle can be configured within the tubular 

noZZle casing so that the longitudinal casing axis, the longi 
tudinal first channel axis and the longitudinal second channel 
axis are substantially parallel to each other. The term “sub 
stantially parallel' means that axes are generally parallel to 
each other although some portion or parts can have Small 
variation. Typically, the term “substantially parallel can 
mean that two or more axes are separated by an equal or 
almost distance at every point or that two or more axes can be 
intersecting with the Smallest intersecting angle less than 10°. 
The tubular nozzle axis can be shown as X-X (FIGS. 5A and 
5B). 
The first spray channel can be configured to connect to the 

first connection path when the spray needle is at the spray 
position and to disconnect from the first connection path 
when the spray needle is at said closed position. In one 
example, an inlet opening of the first spray channel can be out 
of alignment with the first connection path so the first com 
ponent (51) can not flow into the first spray channel when the 
spray needle is at the closed position (FIGS.5A, 6A and 7B). 
The inlet opening of the first spray channel can be aligned 
with the first connection path so the first component (51) can 
flow through the first connection path into the first spray 
channel when the spray needle is at the spray position (FIGS. 
5B, 6A and 7A). Flow of the carrier, such as compressed air is 
schematically shown as 53 and 53a. Flow of the first compo 
nent and the second component are schematically shown as 
51a and 52a, respectively. 
The second spray channel can be configured to connect to 

the second connection path when the spray needle is at the 
spray position and to disconnect from the second connection 
path when the spray needle is at, said closed position. In one 
example, an inlet opening of the second spray channel can be 
out of alignment with the second connection path so the 
second component (52) can not flow into the second spray 
channel when the spray needle is at the closed position (FIGS. 
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10 
5A, 6A and 7B). The inlet opening of the second spray chan 
nel can be aligned with the second connection path so the 
second component (52) can flow through the second connec 
tion path into the second spray channel when the spray needle 
is at the spray position (FIGS. 5B, 6B and 7A). 
The connections can be configured to synchronize with the 

spray position and the closed position of the spray needle, 
such as shown in the FIGS. 5, 6 and 7. The connections can 
also be configured separately. In one example, the first spray 
channel can be configured to be constantly connected to the 
first connection path while the second spray channel is only 
connected to the second connection path when the spray 
needle is at the spray position. In another example, the second 
spray channel can be configured to be constantly connected to 
the second connection path while the first spray channel is 
only connected to the first connection path when the spray 
needle is at the spray position. 
The main reservoir (3) can be used for conveying said first 

component to said first inlet by gravity. The spray gun can 
have a second reservoir (15) for conveying said second com 
ponent to the second inlet by gravity. 
The spray gun can further comprise a first flow control 

means coupled to the first inlet for regulating flow of the first 
component. In one example, the first flow control means is the 
coating flow regulator (21). In another example, a valve can 
be attached to the first inlet (10). In yet another example, a 
restrictor can be inserted or otherwise coupled to the first inlet 
(10) or in any part of the first connection path to modulate 
flow of the first component. The spray gun can further com 
prise a second flow control means coupled to the second inlet 
for regulating flow of the second component. In one example, 
a valve can be attached to the second inlet (8). In another 
example, a restrictor can be inserted or otherwise coupled to 
the second inlet (8) or in any part of the second connection 
path to modulate flow of the second component. 
The spray gun can have the first spray channel and the 

second spray channel configured side by side within said 
tubular nozzle casing. Examples of schematic presentations 
are shown in FIGS. 4A and 4B. The spray gun can also have 
the first spray channel and the second spray channel config 
ured co-axially within the tubular nozzle casing. One 
example of a schematic presentation is shown in FIG. 4C. 
The tubular nozzle casing or the spray needle of the spray 

gun can have a tapered opening at the nozzle. Examples of 
schematic presentations are shown in FIGS. 7A and 7B. The 
spray needle of the spray gun can be configured to move in the 
direction of (50) to open or seal the nozzle. Examples of 
schematic presentations are shown in FIGS. 7A and 7B, 
wherein the spray needle is positioned to open the nozzle 
(FIG. 7A) and to have contact with the tubular nozzle casing 
sealing off the nozzle or part of the nozzle (FIG. 7B). 

This invention is also directed to a method for producing a 
layer of a coating composition comprising a first component 
and a second component on a Substrate. The method can 
comprise the steps of: 

i) providing a spray gun comprising: 
(A) a spray gun body (1) comprising a carrier inlet (12) 

for conveying a carrier, a first inlet (10) connected to 
a first connection path for conveying the first compo 
nent, and a second inlet (8) connected to a second 
connection path for conveying the second component; 

(B) a tubular nozzle casing (55) having a longitudinal 
casing axis and a nozzle (13), said tubular nozzle 
casing being housed within said spray gun body; and 

(C) a spray needle (56) comprising a first spray channel 
having a longitudinal first channel axis and a first 
channel opening, and a second spray channel having a 
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longitudinal second channel axis and a second chan 
nel opening, said spray needle being housed within 
said tubular nozzle casing and being configured to 
slide between a spray position and a closed position, 
said first channel opening and said second channel 
opening being positioned adjacent to each other at 
said nozzle; wherein: 

said longitudinal casing axis, said longitudinal first 
channel axis and said longitudinal second channel 
axis are substantially parallel to each other, and 

said first spray channel is configured to connect to said 
first connection path and said second spray channel is 
configured to connect to said second connection path, 
when said spray needle is at said spray position, for 
conveying said first and said second component sepa 
rately to said nozzle; 

ii) providing the first component of said coating composi 
tion to the first inlet and the second component of said 
coating composition to said second inlet; 

iii) producing atomized said first component and atomized 
said second component to form an atomized coating 
mixture by Supplying a pressurized carrier to said carrier 
outlet through said carrier inlet and sliding said spray 
needle to said spray position; and 

iv) applying said atomized coating mixture over said Sub 
strate forming said layer thereon. 

The method can further comprise the step of curing said 
layer of said coating composition at ambient temperatures, 
such as in a range of from 18°C. to 35° C., or at elevated 
temperatures, such as in a range of from 35°C. to 150°C. The 
layer can be cured for a time period in a range of from a few 
minutes, such as 5 to 10 minutes, to a few hours, such as 1 to 
10 hours, or even to a few days, such as 1 to 2 days. The layer 
can also be cured by actinic radiation at ambient tempera 
tures, such as in a range of from 18°C. to 35°C., oratelevated 
temperatures, such as in a range of from 35° C. to 150° C. 

The pressurized carrier can be selected from compressed 
air, compressed gas, compressed gas mixture, or a combina 
tion thereof. Typically, a compressed air can be used. 

The Substrate can be wood, plastic, leather, paper, woven 
and nonwoven fabrics, metal, plaster, cementitious and 
asphaltic Substrates, and Substrates that have one or more 
existing layers of coating thereon. The Substrate can be a 
vehicle, vehicle body or vehicle parts. 
The coating composition can be selected from a lacquer 

coating composition, a chemical curable coating composi 
tion, a radiation curable coating composition, or a chemical 
and radiation dual-cure coating composition. 
The coating composition can be a 1K coating composition 

or a 2K coating composition. The coating composition can 
also be a mono-cure Such as a chemical curable coating com 
position or a radiation curable coating composition, or a 
dual-cure coating composition, such as a chemical and radia 
tion dual-cure coating composition. 

In one example, the second component can be selected 
from a catalyst, an initiator, an activator, a radiation activator, 
a curing agent, or a combination thereof. 

In one example, the coating composition can be a UV 
coating composition wherein the first component comprises a 
UV curable component as described above and the second 
component comprises one or more photo initiators. In another 
example, the coating composition is a chemical curable coat 
ing composition wherein the first component comprises a 
crosslinkable component and a crosslinking component and 
the second component comprises a catalyst or a radiation 
activator Such as a latent catalyst Such as the photolatent 
catalyst. In yet another example, the first component com 
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12 
prises a crosslinkable component and the second component 
comprises a crosslinking component and a catalyst. 

In yet another example, the coating composition is a dual 
cure coating composition wherein the first component com 
prises a crosslinkable component, a crosslinking component 
and a UV curable component, and the second component 
comprises a catalyst and a photo initiator. 

In yet another example, the first component comprises a 
crosslinkable component and the second component com 
prises a crosslinking component as a curing agent. 

In yet another example, the first component comprises a 
radiation curable component and a crosslinkable component, 
and said second component comprises a crosslinking compo 
nent. 

In yet another example, the first component comprises a 
crosslinkable component, a crosslinking component and a 
radiation curable component, and said second component 
comprises a catalyst, a photo initiator, and optionally a radia 
tion activator Such as a photolatent catalyst. 

In yet another example, the first component is a lacquer 
coating composition that comprises crosslinkable compo 
nent. The second component can comprise a crosslinking 
component or a combination of acrosslinking component and 
a catalyst. Typically, a lacquer coating composition can dry to 
form a coating layer and does not require a crosslinking 
component. Adding an additional crosslinking component 
can typically reduce curing time and improve coating prop 
erties. Conventional method is to mix the lacquer with a 
crosslinking component in the way similar to the 2 k coating 
composition. However, such conventional method causes the 
coating mixture to have limited pot life similar to that of the 2 
k coating composition. An advantage of this invention is to 
have the ability to cure a lacquer composition while main 
taining extended pot life since the crosslinking component 
can be mixed with the lacquer after atomization of the lacquer. 
The rate of curing can easily be varied by changing the ratio 
of the lacquer composition to the crosslinking component. 

In yet another example, the first component comprises 
protected crosslinkable groups and a crosslinking compo 
nent. In one example, the protected crosslinkable groups are 
selected from the group consisting of amide acetal, orthocar 
bonate, orthoester, spiroorthoester, orthosilicate, oxazolidine 
and combinations thereof. In one example, the crosslinking 
component can comprise a compound, oligomer or polymer 
having crosslinking groups selected from the group consist 
ing of isocyanate, amine, ketimine, melamine, epoxy, car 
boxylic acid, anhydride, and a combination thereof. Due to 
the presence of the protected crosslinkable functional groups, 
the crosslinkable and the crosslinking groups typically can 
not initiate crosslinking reaction. The protected crosslinkable 
groups can be activated by introducing water or water with 
acid. The water or the water with acid can be used as a second 
or a Subsequent component using the spray gun. 

In yet another example, the first component can comprise 
the aforementioned protected crosslinkable component and 
the second component can comprise the aforementioned 
crosslinking component. The water or water in combination 
with an acid can be used as a Subsequent component. 

In yet another example, the first component can comprise 
the aforementioned protected crosslinkable component and 
the second component can comprise a combination of the 
crosslinking component, the water or water in combination 
with an acid. 

Another advantage of this invention can include the ability 
for controlling viscosity of a coating composition. The coat 
ing mixture can have a coating viscosity that is increasing 
upon time, while the first component and the second compo 
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nent, can be at essentially constant individual viscosity. That 
means that the first component and the second component can 
be at an individual viscosity essentially constant at the begin 
ning and the end of spray operation. This can be particularly 
useful for spraying coating compositions that Viscosity 
increases very rapidly all components are mixed together. By 
utilizing this invention, individual components of Such coat 
ing compositions can be mixed after atomization. The Viscos 
ity of individual component can be essentially constant dur 
ing spray operation. In one example, the first component 
comprises a crosslinkable component and a crosslinking 

14 
Mixing ratio of the first coating component/the second 

coating component is controlled at about 13/1 by selecting a 
Suitable size of a connection tubing connecting the second 
container and the delivery outlet of the delivery device. 
The clearcoats prepared above are sprayed over Uniprime 

(ED-5000, cold-rolled steel (04x12x032)B952 P60 DIW 
unpolish Ecoat POWERCRON 590 from ACT Laboratories, 
Hillsdale, Mich.) to a film thickness of 2.3 to 2.6 mils. The 
coatings are baked for 5 minor 10 min at 60° C. as indicated. 

TABLE 1. 

Coating Compositions. 

First 
Component 

Second 
Component 

Example 1 Example 2 Example 3 

ChromaClear (R) G2 
7779STM mixed with 
activator 7775S 
O.125% DBTDL in 
ethyl acetate 

ChromaClear (R) G2 
7779STM mixed with 
activator 7775S 
0.125% DBTDL and 
2% acetic acid in 
ethyl acetate 

ChromaClear (R) G2 
7779STM mixed with 
activator 7775S 
0.0625% DBTDL, 
and 0.5% acetic acid 
in ethyl acetate 

DBTDL = dibutyltin dilaurate. 

component, and the second component comprises a catalyst. 
In another example, the first component comprises a 
crosslinkable component and the second component com 
prises a crosslinking component and a catalyst. 
The Substrate can be wood, plastic, leather, paper, woven 

25 

and nonwoven fabrics, metal, plaster, cementitious and 30 
asphaltic Substrates, and Substrates that have one or more 
existing layers of coating thereon. The substrate can be 
vehicle body or vehicle parts thereof. 

Although coating compositions with multiple coating 
components are specifically described here, this invention 
can also be used for a composition having multiple compo 
nents that need to be mixed to form a mixed composition. 
With this invention, a first component of the composition can 
be atomized by a spray device and a second or a Subsequent 
component of the composition can be siphoned into the atom 
ized first component to form the mixed composition. 

EXAMPLES 

The present invention is further defined in the following 
Examples. It should be understood that these Examples, 
while indicating preferred embodiments of the invention, are 
given by way of illustration only. From the above discussion 
and these Examples, one skilled in the art can ascertain the 
essential characteristics of this invention, and without depart 
ing from the spirit and scope thereof, can make various 
changes and modifications of the invention to adapt it to 
various uses and conditions. 

Coating Examples 1-3 

DuPont ChromaClear R. G2-7779STM, under respective 
registered or unregistered trademarks, is mixed with an acti 
vator 7775S (both available from E. I. duPont de Nemours 
and Company, Wilmington, USA) according to manufactur 
er's directions to form a first coating mix, also referred to as 
a first coating component. The first coating component is 
placed in the main storage container (also referred to as a first 
storage container) of a gravity spray gun. 

Various catalyst Solutions are prepared according to Table 
1. Each is used as a second coating component and is placed 
in a second container of the spray gun. 
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What is claimed is: 
1. A spray gun for spraying a coating composition com 

prising a first component and a second component, said spray 
gun comprising: 

(A) a spray gun body comprising a carrier inlet for convey 
ing a carrier, a first inlet connected to a first connection 
path for conveying the first component, and a second 
inlet connected to a second connection path for convey 
ing the second component; 

(B) a tubular nozzle casing having a longitudinal casing 
axis and a nozzle, said tubular nozzle casing being 
housed within said spray gun body; and 

(C) a spray needle comprising a first spray channel having 
alongitudinal first channel axis and a first channel open 
ing, and a second spray channel having a longitudinal 
second channel axis and a second channel opening, said 
spray needle being housed within said tubular nozzle 
casing and being configured to slide between a spray 
position and a closed position, said first channel opening 
and said second channel opening being positioned adja 
cent to each other at said nozzle; wherein: 

said longitudinal casing axis, said longitudinal first chan 
nel axis and said longitudinal second channel axis are 
substantially parallel to each other; and 

said first spray channel is configured to connect to said first 
connection path and said second spray channel is con 
figured to connect to said second connection path, when 
said spray needle is at said spray position, for conveying 
said first and said second component separately to said 
nozzle. 

2. The spray gun of clam 1, wherein said first spray channel 
is configured to disconnect from said first connection path 
when said spray needle is at said closed position. 

3. The spray gun of claim 1, wherein said second spray 
channel is configured to disconnect from said second connec 
tion path when said spray needle is at said closed position. 

4. The spray gun of clam 1, wherein said first spray channel 
is configured to disconnect from said first connection path 
and said second spray channel is configured to disconnect 
from said second connection path when said spray needle is at 
said closed position. 
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5. The spray gun of claim 1 further comprising a main 
reservoir for conveying said first component to said first inlet 
by gravity. 

6. The spray gun of claim 1 further comprising a second 
reservoir for conveying said second component to said second 5 
inlet by gravity. 

7. The spray gun of claim 1 further comprising a first flow 
control means coupled to said first inlet for regulating flow of 
the first component. 

8. The spray gun of claim 1 further comprising a second 10 
flow control means coupled the second inlet for regulating 
flow of the second component. 

9. The spray gun of claim 1, wherein said first spray chan 
nel and said second spray channel are configured side by side 
within said tubular nozzle casing. 15 

10. The spray gun of claim 1, wherein said first spray 
channel and said second spray channel are configured co 
axially within said tubular nozzle casing. 

11. The spray gun of claim 1, wherein said tubular nozzle 
casing or said spray needle has a tapered opening at the 20 
noZZle. 

12. The spray gun of claim 1, wherein the spray needle is 
configured to seal the nozzle at said closed position. 

13. The spray gun of claim 1, wherein said first spray 
channel and said second spray channel are configured co- 25 
axially within said spray needle. 
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